Objective: To assess the status of dietary folate intake, serum and red blood cell (RBC) folate, and related nutritional biomarkers in healthy Japanese women in early pregnancy. Design: A cross-sectional, observational study. Subjects: Pregnant women in the first trimester, at 7-15 weeks gestation (n ¼ 70), who were not consuming any folate supplements or folate fortified foods. Methods: Three-day dietary records were obtained from each subject to assess dietary folate intake. Blood samples were collected for measurement of biomarkers. Biomarkers and nutrient intake were analyzed in two groups defined by their serum folate concentrations: the low folate group (serum folate o9 ng/ml) and the high folate group (serum folate X9 ng/ml). Result: Mean serum and RBC folate concentrations in all subjects were 10.3 and 519 ng/ml, respectively. These levels were remarkably higher than the reported values from many other countries despite our subjects receiving no folic acids supplements. However, mean folate intake by our subjects from natural foods was 289 mg/day, which is thought to be low according to the Japanese dietary recommendation specified for pregnant women. The intake of spinach and fruits was significantly greater in the high folate group than in the low folate group. Conclusion: Folate intake was thought to be adequate to maintain a desirable level of serum folate concentration in Japanese pregnant women in the first trimester, although the intake of folate from natural food was not high enough to meet the recommended daily intake.
Introduction
It is well known that the periconceptional intake of folate is very important, as an adequate intake of folic acid will significantly reduce the risk of neural tube defects (NTDs). Many studies in Europe, China and the United States have shown that the periconceptional use of folic acid prevents NTDs (Berry et al., 1999; Werler et al., 1999; Ray et al., 2002) . In 2000, the Japanese government recommended that all women planning a pregnancy should consume an additional 400 mg/day of folate, referring to scientific evidence and recommendations in the other countries (Ministry of Health, Labour, and Welfare, Japan, 2005) . Food fortification with folic acid is not popular in Japan, and the use of supplemental folic acid has not become widespread. Furthermore, there has been little awareness of this in Japan, and folate has not recently been added but was added 5 years ago to the 5th standard tables of food composition in Japan. Accordingly, there had not been fully investigated about folate intake and folate related biomarker in Japanese people. Recently, Kondo et al. (2005) reported folate intake and serum folate concentration in pregnant Japanese women including all trimesters. However, there are no studies on folate intake and folate-related biomarkers including RBC folate concentration in pregnant Japanese woman in the first trimester. For primary prevention of NTD, folate nutrient in early pregnancy is very important.
According to the National Nutrition Survey in Japan, dietary natural folate intake in young Japanese women is similar to the reported intake in the United States and in many other countries (Ministry of Health, Labour, and Welfare, Japan, 2001) . As sources of folate in the Japanese diet may differ from those in other societies, it is necessary to assess folate levels in pregnant Japanese women, especially in early pregnancy, to evaluate the current Japanese diet in terms of adequacy of folate nutrition.
We conducted this study to investigate the association between folate intake and folate-related biomarkers (folate concentrations in serum and red blood cells (RBC)) in pregnant Japanese women who were not consuming any dietary folate supplements.
Methods

Study design and subjects
We selected two study sites in a public and a private hospital in the Tokyo Metropolitan Area, in cooperation with the Department of Gynecology. The public hospital is located in an uptown area and is a tertiary hospital with many patients referred from smaller clinics or hospitals in the local area. The private hospital is located in a downtown area and is a primary care hospital mainly specializing in gynecology. We have continued cross-sectional and longitudinal observational studies on pregnant women without major complications who visited the two hospitals in the period from February 2002 to March 2003, who agreed to participate in the surveys, and who gave written informed consent.
In this report we focused on subjects who were interviewed and examined in the first trimester. Of 106 subjects, 36 were excluded due to inadequate data for dietary intake, and five were excluded because they consumed folate supplements or folate fortified foods. A total of 70 subjects were included in this cross-sectional analysis, although only 50 of them had data for RBC folate concentration because RBC samples could not be collected from 20 subjects. The study protocol was approved by the Institutional Ethics Committee of the authors' affiliations.
Data collection of lifestyle and other background factors A self-administered questionnaire was used to gather information on dietary habits, drinking, smoking and other background information, which was directly checked by interviewers in the survey suits. The height and prepregnancy body weight of the subjects were asked for in the questionnaire, while the current body weight was measured using a calibrated mechanical scale.
Dietary intake
Weighed dietary records were obtained from each subject for three nonconsecutive days within a week. Subjects were given detailed instructions by trained dietitians on how to weigh and record the consumed foods, using a colored instruction leaflet to illustrate the methods and examples. When the subjects visited the hospital for blood sampling, the dietitians checked all the recorded sheets and interviewed the subjects to clarify any ambiguous points.
The consumption of nutrients and foods was estimated from the records by a computerized dietary analysis program Kokurakucho (NTT Inc., Japan). A food composition database based on the Fifth Revision of the Standard Food Composition Table was incorporated in the dietary analysis program, which allowed for changes in nutrients during the cooking process (Watanabe et al., 2003) .
Blood sampling and analysis
Fasting blood samples were drawn for the measurement of hematological parameters (hemoglobin, hematocrit, and RBC count) and folate-related biomarkers. The measurements of biomarkers except for RBC folate were performed by SRL Inc. (Tokyo). Chemiluminescent immunoassay was used for the measurement of serum folate and vitamin B 12 . High-performance liquid chromatography (HPLC) and enzyme immunoassay were used for the measurement of homocysteine and serum ferritin, respectively.
Whole blood was collected in a heparinized tube and preserved with 0.5% ascorbate solution for the measurement of RBC folate by microbiological assay using Lactobacillus casei (n ¼ 50) (Horne, 1997) based on previous reports. Samples were diluted with 0.05% ascorbic acid solution and preincubated for 30 min at 371C for deconjugation of folate polyglutamates. Ninety six-well microplates were used for incubation of samples and medium containing L. casei. The plates were incubated for 48 h at 371C. The optical density of each well was measured using a single wavelength of 570 nm. RBC folate level was then calculated from the mean whole-blood folate value by subtracting folate content of serum in the sample, and corrected by hematocrit value (Hoffbrand et al., 1966) .
Statistical analysis
Biomarkers and nutrient intake were analyzed in two groups according to the median of their serum folate concentrations because it is a short-term indicator of dietary folate intake: the 'low folate group' (serum folate o9 ng/ml) and the 'high folate group' (serum folate X9 ng/ml). Comparison between the two groups was performed using an unpaired t-test for nutrient intakes and Mann-Whitney's U test for intakes of food groups because of their skewed distributions. Correlations across selected blood biomarkers were analyzed by Spearman's correlation coefficients. To diminish the influence of the absolute amount of food intake on the selected nutrients and also to obtain indicators of the nutritional quality of daily food patterns, nutrient densities expressed per 1000 kcal were used for further analyses.
Results
General characteristics
The general characteristics of the subjects are presented in Table 1 . The age of the subjects (n ¼ 70) ranged from 17 to 41 years. The median point of the folate concentration (9 ng/ml) subdivided the subjects into the 'low folate group' (n ¼ 34) and the 'high folate group' (n ¼ 36). The demographic and anthropometric characteristics of the two groups are presented in Table 2 . Age, week of gestation, height and body mass index (BMI) did not differ significantly between the two groups. The number of primipara was significantly higher in the higher group than that in the lower group. The number of users of other vitamin supplements was not different in the two groups, although the number of smokers was marginally higher in the lower group.
Biological markers
Blood biological markers of all study subjects are shown in Table 1 .
Mean levels of serum and RBC folate concentration were 10.3ng/ml (n ¼ 70) and 519ng/ml (n ¼ 50), respectively. The distribution of serum folate concentration is shown in Figure 1 . Serum folate was o6 ng/ml in 4.3% of subjects, and X13 ng/ml in 14.3% of subjects. Although none of the subjects took any folate supplements, the mean serum and RBC folate levels were higher than in published reports in other countries (Cuskelly et al., 1996; Brown et al., 1997) .
When the selected biological markers were compared between the two groups, the group with higher serum folate concentrations showed higher RBC folate concentrations (P ¼ 0.01) and a higher hematocrit (P ¼ 0.03) than the group with lower serum folate concentrations (Table 2) . Homocysteine levels, the other marker affecting blood folate concentration, were marginally higher in the group with lower serum folate concentrations.
Correlation coefficients across blood biomarkers Correlation coefficients across blood biomarkers are shown in Table 3 . Serum folate was positively correlated with RBC folate, plasma B 12 , hemoglobin, albumin and hematocrit, and inversely correlated with plasma homocysteine. Although RBC folate concentration was inversely correlated with plasma homocysteine, no significant correlation was observed between other biomarkers.
Dietary intake
Average nutrient intakes per day in all subjects from 3-day diet records are shown in Table 4 . When comparing with the newly revised dietary recommendation for pregnant women in Japan, intakes of calcium, copper, vitamin A, B 2 , B 12 and vitamin C seem to be relatively adequate although a proportion of each distribution did not reach the level of estimated average requirements. Average intakes of folate, iron, zinc, vitamin D, B 1 and B 6 were lower than the recommended values. The distribution of folate intake in the two groups classified according to serum folate concentration is shown in Figure 2 . More than 70% of subjects had a folate intake below 200 mg/day.
Energy-adjusted nutrient intakes (nutrient per 1000 kcal) in the two groups are shown in Table 5 . Folate, calcium and fiber intakes per 1000 kcal were significantly greater in the high folate group than in the low folate group.
We also analyzed the mean daily consumption of foods groups (Table 6 ). In some food groups the intake levels differed significantly between the low folate group and the high folate group; the subjects in the high folate group consumed more spinach, fruit, and fruits juice, and fewer meats, oils and fats than the low folate group.
Discussion
Many recent studies have indicated that folate nutrient status is very important for women in early pregnancy because folic acid reduces the risk of NTD (Berry et al., 1999; Werler et al., 1999; Ray et al., 2002) . Many countries recommend a high-folate diet and folic acid supplements for pregnant women and women wishing to become pregnant (Green, 2002) . However, the folate nutritional All data are log-transformed. *Po0.05, **Po0.01, ***Po0.005; ****Po0.001.
Folate intakes and folate biomarker profiles in Japanese pregnant women N Mito et al profile of Japanese pregnant women has not been fully investigated because there has been little awareness of this in Japan, and folate has only recently been added to the Dietary Reference Intakes for Japanese and the Standard Food Composition Table. Specifically, there has been no study of folate intake and blood folate biomarkers in woman in early pregnancy in Japan. Folate is also important to achieve normal birth weight because it is reported that a low intake of folate in pregnant women is associated with low birth weight (Rao et al., 2001) . Therefore, it is important to study folate nutrition in pregnant women in Japan. The recommended dietary allowance (RDA) of folate in early pregnancy for prevention of NTD is 440 mg/day in the Dietary Reference Intakes for Japanese, 2005 (Ministry of Health, Labour, and Welfare, Japan, 2005). Mean folate intake/day in all subjects was 289 mg/day in the present study. Only 8.6% of subjects had a folate intake above 250 mg/day, and folate intake was below the RDA in 94 % of subjects. The National Nutrition Survey in Japan showed that the mean folate intake of Japanese women aged 20-50 years was 200-300 mg/day (Ministry of Health, Labour, and Welfare, Japan, 2005). Folate intake was not sufficient in pregnant Japanese women in the first trimester. However, they showed a higher mean serum folate concentration (10.3 ng/ml) than reported in other countries. For example, The US data from NHANES III 1988 -1994 showed mean serum and RBC folate levels, 4.8 and 159.9 ng/ml, respectively for reproductive age but nonpregnant women, which were observed before the mandated folate fortification in this country (CDC, 2002) . Even in low intake groups in the present study, most subjects had serum folate concentrations above 7 ng/ml. Hirooka (2001) reported that the mean serum folate concentration in nonpregnant Japanese women aged 21-22 years was 17.9 nmol/l (7.4 ng/ml). The level is lower than in the present study. All our subjects were above the lower border of the normal serum folate range, 3.0 ng/ml (Jacques et al 1999) . On the other hand, Kondo et al reported that Japanese pregnant women revealed serum folate of 11.9 ng/ml, which is the average of all trimester. As our present data is only a first trimester, it is need to investigate serum folate of pregnant women in the second and third trimester. Many trials have reported that folic acid supplements or a high folate diet increased serum folate levels compared with baseline (Cuskelly et al., 1996; Brown et al., 1997; Jacques et al., 1999) . However, serum folate concentrations of our subjects were same level with reported data of folic acid supplements user. It was very interesting because users of folic acid supplements were not Folate intakes and folate biomarker profiles in Japanese pregnant women N Mito et al included, and none of the participants ate foods fortified with folate.
We analyzed nutrient intake and consumption of food groups in the two groups defined by serum folate concentration: the high folate (serum folate X9 ng/ml) group and the low folate (serum folate o9 ng/ml) group. The high folate group showed higher energy-adjusted intakes of folate, calcium and fiber compared with the low folate group. Many studies have reported that folic acid is directly correlated with blood folate concentration, and is useful for the prevention of NTD (Cuskelly et al., 1996; Brown et al., 1997; Berry et al., 1999; Jacques et al., 1999; Werler et al., 1999; Ray et al., 2002) . As dietary folate contains a polyglutamate chain, the bioavailability of folate varies widely with different foods and cooking styles. Utilization of polyglutamate is affected by many factors, such as Folate intakes and folate biomarker profiles in Japanese pregnant women N Mito et al intestinal matrix effects or pH. Therefore, the bioavailability of natural food folate is thought to be 20-75% that of folic acid (Gregory, 2001; van den Berg et al., 2002; MelseBoonstra et al., 2002; Kim et al., 2004) . The only sources of folate in the subjects of the present study were natural foods. Therefore, it is very important to clarify the association between the intake of natural food folate in Japanese food and blood folate concentrations. Some researchers reported that high folate diets, fresh berries, citrus fruit, and vegetables significantly increased blood folate concentrations or significantly decreased plasma total homocysteine (Brouwer et al., 1999; Koebnick et al., 2001; Silaste et al., 2003) . We compared the mean consumption of food groups in two groups classified by serum folate concentration. The intakes of colored vegetables, spinach and fruits were significantly greater in the high folate group than in the low folate group, while the intake of meats, oils and fats was greater in the low folate group than in the high folate group. Although plasma homocysteine levels were inversely correlated with serum folate and RBC folate levels, it did not differ significantly between the two groups. Serum folate levels were positively correlated with RBC folate and plasma vitamin B 12 levels. Serum folate also correlated significantly with other blood markers, hemoglobin, albumin, hematocrit and serum ferritin. These findings suggested that the eating pattern in pregnant Japanese women, which maintained a sufficient serum folate concentration, may also support a healthy pregnancy. The National Nutrition Survey, Japan (Takimoto et al., 2003) found that pregnant Japanese women were aware of the importance of adopting healthy behaviors (smoking less, drinking less, etc.) and taking more milk, fruit or colored vegetables during pregnancy. In the present study, the typical dietary pattern of women in early pregnancy, especially in the high folate group, included a high intake of vegetable, fruits, milk, soy products and fish, and a low intake of oil and fat, and meat. Levels of vitamin B 12 , which supports folate metabolism, and calcium were adequate in our subjects. The main dietary source of calcium in Japan is milk. Milk contains folatebinding protein (FBP). As it has been reported that FBP may increase the bioavailability of dietary folate (Jones and Nixon, 2002; Jones et al., 2003) , adequate milk consumption may be partly responsible for higher serum folate concentrations in pregnant Japanese women. RBC folate concentrations varied widely between subjects, especially in the high folate group. This suggests that RBC folate may be preferable to serum or plasma folate for the prediction of NTD risk (Bunduki et al., 1995; Daly et al., 1995) . Brown et al showed that a folate concentration of X400 ng/ml in early pregnancy decreased the risk of NTD (Brown et al., 1997) . In the present study, most of the subjects showed a RBC folate concentration X400 ng/ml, although a few of the subjects had a RBC folate concentration o200 ng/ml, even in the high serum folate group. It is therefore possible that preconception folate nutrition may be insufficient in some subjects, because RBC folate concentration is a longer-term index of folate nutrition than serum folate. However, RBC data in the present study were preliminary (n ¼ 50), and further studies are needed.
Our study is the first to describe folate nutrition in early pregnancy in Japan. Further study is needed using longitudinal studies from preconception to early pregnancy to determine the appropriate intake of folate in pregnant Japanese women in the first trimester.
